Background: female life expectancy in developed countries has increased by 30 years in the twentieth century. Aim: to determine if there has been an increase in reproductive longevity. Methods: we analysed age-specific fertility data from birth statistics for the USA, Canada, Japan, France, Sweden, the UK and Australia. Results: since 1940, birth rates for women aged 35 and over have declined. Among women aged 50 years and older, there has been no increase in births. Fertility rates in 1990 were 0.0 to 0.044 per 1000 women, with total numbers ranging from 0 to 60 births. Conclusion: the fertile years have not been prolonged in the cohort of women whose life expectancy has increased so dramatically this century. This suggests that reproductive senescence is tightly controlled and not extended by factors that enhance female longevity. Other physiological mechanisms may also be fixed within narrow age limits.
Introduction
Life expectancy for women in the USA, Sweden, Australia, Canada, Japan, France and the UK has increased by about 30 years in this century. This remarkable improvement provides an opportunity to examine whether increased longevity has postponed the age limits of fecundity. Loss of fecundity signifies a shift in the balance of hormones, viable oocytes and other mechanisms necessary to create children. Fecundity is related to the menopause, after which there is an increased progression of such chronic conditions as ischaemic heart disease, hypertension, breast cancer and osteoporosis [1] . If the age at which fecundity ends is relatively fixed, other physiological functions might follow similar patterns. Moreover, the phenomenon could have implications for risk reduction strategies for many conditions [2] .
Fecundity is the physiological ability to reproduce. In population studies, fecundity can only be measured indirectly in terms of live births. The menopause is a milestone in the life of a woman. In contrast, fecundity declines quietly and is mainly of concern to older women wishing to conceive.
The age at menopause has been studied for many years, but problems of definition and recall have hampered these efforts [3] . References to ancient Greek and Roman times indicate a range of 40-60 years [4, 5] . Treloar followed 324 women who were students at the University of Minnesota in 1934 [6, 7] . The age range at menopause was 37-56 years, the average being 49.5 years. More recently, the Massachusetts Women's Health Study followed 2570 women through to the menopause, which occurred at a median age of 51.3 years [8] . Despite the various ways of measuring the menopause and problems with accurate recall, the mean age in reported series is narrow, averaging 47-53 years [1, 9] . Speroff et al. [10] describe the constancy of menopausal age at 50 years from 1850 to the present and conclude that the age of menopause has changed little since early Greek times.
Smoking lowers the age of menopause by a year or more. Age at first pregnancy, body build, weight, height, nulliparity and even malnutrition do not have consistent effects [11, 12] .
In this study, we have analysed age-specific fertility rates rather than age at menopause. Birth data are widely available and relatively accurate over time: most countries maintain records of birth certificates, which contain the age of the mother. We have focused on fertility patterns towards the end of reproductive life to determine whether fertile years extended during the period in which life expectancy of women has increased so much.
Methods
We analysed birth data from seven developed countries. Tabulations for the USA came from two major sources: Fertility Tables for Birth Cohorts by Color: United States, 1917-73 [13] , and the Advanced Report of Final Natality Statistics, 1992 [14] . Data from Sweden, Australia, Canada, Japan, France and the UK came from the United Nations Demographic Yearbook [15] .
Births among mothers aged over 50 are very uncommon. Consequently, the fertility rate for mothers aged 50 years and older was equated to the rate reported for women aged 50-54 years. Of 4.2 million live births in the USA in 1962, just 110 mothers were purportedly aged 50 or older. However, the National Center for Health Statistics survey of half of these mothers [16] found that 40 of the 55 records had a clerical or reporting error. None of the remaining 15 records could be verified. Thus, there is no evidence that a single birth occurred to a mother who was even 50 years old. Therefore, the US National Center for Health Statistics does not include a category for women 50 years and older, resulting in the absence of US fertility rates for this age group.
Results
Births occurring in the USA between 1917 and 1990 provide a large cohort for analysis. In 1917 slightly fewer than 3 million births were recorded. The nadir occurred in 1935, with 2.4 million births, while in 1957 the figure reached 4.3 million. In 1990 there were just above 4.1 million births. Figure 1 depicts age-specific fertility rates in the USA during the study period, divided into age groups. Superimposed is life expectancy at birth for American women from 1900 to 1990. While life expectancy increased dramatically, age-specific fertility rates fell. A moderate decline occurred among those aged 35-44 and a steeper decline among those aged 45-49. 
Discussion
Life expectancy at birth in women in developed countries increased by about 30 years from 1900 to 1990. During this period, the proportion of woman surviving to age 50 increased from about 67 to 96%, with a rapidly growing population of women aged 65 years and older [17] [18] [19] [20] [21] [22] [23] [24] [25] . These changes were not accompanied by a shift toward increased fertility during older reproductive years. Neither absolute numbers of births nor birth rates increased among women aged 40 and older.
We used the fertility rate as a surrogate measure for fecundity. Numerous social, psychological, economic and physiological factors, as well as decisions on family size, affect fertility. To test if fecund years were extended, we focused only on fertility patterns at the end of reproductive life. In developed countries in 1990, 60-70% of women used contraceptives [26] . Use of the contraceptive pill is discouraged in women over age 40 [27] , leaving sterilization-with a failure rate of less than 15-30%-as the only means of contraception [28] . Thus, at least 30% of the increasing number of women over 50 are having unprotected sex. The female population aged 50-54 years in 1990 ranged in size from 250 000 in Sweden through 1 400 000 in France to 3 200 000 in Japan. The scarcity of births in woman after 50 and the absence of an increase over time make it unlikely that fecund years have been extended.
After the loss of reproductive capacity, humans enter into a prolonged period of senescence [29] . Theories on the control of senescence range from it being a unitary process that is programmed centrally [30] to it being the result of a completely unprogrammed series of factors which are extrinsic to cell survival [31, 32] . The data from our studies do not reconcile these theories, but do provide an example in which the host is endowed at birth with a finite number of specific cell types whose function and demise are relatively protected and controlled. This finding is consonant with recent observations that late age at maternity is associated with increased longevity, as would be predicted by the disposable soma theory [33] [34] [35] .
Perhaps other physiological mechanisms resulting in pathological states are fixed in their age of expression and relatively unchanged by environmental factors. Candidates might include ageing-dependent non-fatal conditions such as diminished vision and hearing, hip fracture, arthritis and Alzheimer's disease [2, 36] .
The fertility pattern of women at the end of their reproductive years has probably not changed in recorded history. Factors affecting the menopause are few and inconsistent. Our study suggests that, while life expectancy this century has increased dramatically, 
